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1568Objective: The study objective was to determine predictors of hypothermia and hyperthermia, and the impact of
hypothermia and hyperthermia on postoperative outcomes for off-pump coronary artery bypass grafting.
Methods: We performed a retrospective study of 2294 patients who underwent off-pump coronary artery bypass
grafting in New York in 2007. Patients were classified as moderately to severely hypothermic (34.5C), mildly
hypothermic (34.6C–35.9C), or mildly hyperthermic (37.5C–38.8C) after leaving the operating room. Sig-
nificant independent predictors of these temperature states and the independent impact of each of these states
on in-hospital mortality and complications were identified.
Results: A total of 37.7% of patients were mildly hypothermic, 9.0% of patients were moderately to severely
hypothermic, and 5.6% of patients were mildly hyperthermic. Significant independent predictors for postopera-
tive hypothermia included older age, female gender, lower body surface area, congestive heart failure, higher ven-
tricular function, non-Hispanic ethnicity, single/double-vessel disease, low postoperative hematocrit, previous
cardiac surgery, race other than white or black, and organ transplant. Patients with moderate to severe hypother-
mia had significantly higher risk-adjusted in-hospital mortality than patients with normothermia (adjusted odds
ratio 3.00; 95% confidence interval, 1.11–8.08). Patients with mild hyperthermia also had significantly higher
mortality (adjusted odds ratio 5.04; 95% confidence interval,1.18–21.55). Patients with either mild or moderate
to severe hypothermia had significantly higher rates of respiratory failure and unplanned operations, and patients
with mild hyperthermia had a significantly higher rate of respiratory failure than normothermic patients.
Conclusion: It is important to maintain normal postsurgical core temperatures in patients who have undergone
cardiac surgery to minimize or avoid death and complications. (J Thorac Cardiovasc Surg 2010;139:1568-75)Supplemental material is available online.In general, anesthesia and surgery may cause considerable
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erative period.1-5 Several communications and studies have
described and demonstrated the impact of hypothermia and
hyperthermia on patient prognosis after surgery in general,
and cardiac surgery specifically.1-8e University at Albany, State University of New York,a Albany, NY; Drexel
rsity College of Medicine,b Philadelphia, Pa; Columbia-Presbyterian Medical
r,c New York, NY; Maimonides Medical Center,d New York, NY; New York
rsity Medical Center,e New York, NY; Medical University of Ohio,f Toledo,
Rush University Medical Center,g Chicago, Ill; and Columbia-Presbyterian
cal Center,h New York, NY.
res: None.
d for publication July 15, 2009; revisions received Sept 17, 2009; accepted for
ation Nov 26, 2009; available ahead of print Feb 18, 2010.
for reprints: Edward L. Hannan, PhD, Distinguished Professor and Associate
for Research, School of Public Health, State University of New York, Univer-
Albany, One University Place, Rensselaer, NY 12144-3456 (E-mail: elh03@
.state.ny.us).
23/$36.00
ht  2010 by The American Association for Thoracic Surgery
016/j.jtcvs.2009.11.057
The Journal of Thoracic and Cardiovascular SurHypothermia results from a ‘‘. combination of anes-
thetic-induced impairment of thermoregulatory control,
a cool operating room environment, and factors unique to
surgery that promote excessive heat loss.’’2 Most patients
who undergo general anesthesia become hypothermic, gen-
erally by 1C to 3C, depending on the type and dose of
anesthesia, the amount of surgical exposure, and the ambient
temperature.2
For cardiac surgery, hypothermia during the postopera-
tive recovery period has been shown to be associated with
various adverse outcomes, such as higher mortality, pro-
longed mechanical ventilation, packed red blood cell trans-
fusion, and hospital length of stay.
Although hyperthermia after surgery has not been studied
as much as hypothermia, fever has been shown to be a com-
mon postoperative condition after coronary artery bypass
grafting (CABG).7 Also, hyperthermia has been demon-
strated to be associated with worse neurocognitive outcomes
after CABG.8
The purposes of this study are to (1) identify the significant
independent predictors of hypothermia and hyperthermia af-
ter off-pump CABG, and (2) examine the impact of postpro-
cedural hypothermia and hyperthermia on in-hospital
mortality and various surgical complications (sternal woundgery c June 2010
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CI ¼ confidence interval
OR ¼ odds ratio
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P
Minfection, sepsis, bleeding requiring reoperation, gastrointes-
tinal bleeding, respiratory failure, and unplanned reoperation
except for bleeding) while controlling for significant patient
characteristics related to adverse outcomes.
MATERIALS AND METHODS
Database
Data were obtained from New York State’s Cardiac Surgery Reporting
System, a mandatory registry in New York that was initially developed in
1989 and contains detailed information for each patient undergoing cardiac
surgery in the state on demographics; preprocedural risk factors; periproce-
dural complications; dates of admission, discharge, and procedure; dis-
charge disposition and destination; and hospital and surgeon identifiers.
As of 2007, the Cardiac Surgery Reporting System also contains informa-
tion on postoperative temperature, defined as ‘‘the temperature on arrival
at the next level of care after the operating room.’’ Cardiac Surgery Report-
ing System data are matched to New York administrative data and audited
by the New York State Department of Health’s use review agent to ensure
completeness and accuracy.
Patients
Patients in the study included all patients undergoing off-pump isolated
CABG in 2007 in 1 of 27 hospitals that measured postoperative temperature
using pulmonary artery temperatures with a Swan–Ganz catheter. Hospitals
that measured postoperative temperature using other sites were not included
in the study because of the difficulty of comparing temperatures measured in
different sites. The temperature used in the study was the first temperature
recorded in the unit to which the patient was transported after leaving the
operating room.
End Points
End points in the study were in-hospital mortality and a variety of in-hos-
pital complications (sternal wound infection, sepsis, bleeding requiring a re-
operation, gastrointestinal bleeding, respiratory failure, and unplanned
reoperation [except for bleeding]).
Statistical Analysis
Patients were subdivided into 4 groups on the basis of their temperature
after leaving the operating room: moderate to severe hypothermia
(34.5C), mild hypothermia (34.6C–35.9C), normothermia (36.0C–
37.4C), and mild hyperthermia (37.5C–38.8C).
Differences in baseline characteristics among the 4 groups of patients
(eg, demographics, comorbidities, left ventricular function, hemodynamic
state, vessels diseased, symptoms) were examined using Fisher’s exact
and chi-square tests. Significant independent predictors of the 3 adverse
events (postoperative moderate to severe hypothermia, mild hypothermia,
andmild hyperthermia) were obtained by developing 3 separate stepwise lo-
gistic regression models with the presence of the adverse event as the binary
dependent variable and the baseline patient risk factors mentioned above as
candidate independent variables.
To test for risk-adjusted differences in mortality and complication rates
between normothermic patients and each of the 3 other groups (moderately
to severely hypothermic patients, mildly hypothermic patients, mildlyThe Journal of Thoracic and Carhyperthermic patients), logistic regression models were developed for
each adverse outcome measure for each of the 3 comparisons. Candidate in-
dependent variables included the patient risk factors mentioned above.
Postoperative temperature was used in each of the 3 models for each out-
come measure as the study independent variable, with normal temperature
treated as the reference category and the other group (moderate to severe hy-
pothermia or mild hypothermia or mild hyperthermia) treated as the indica-
tor variable with analyses limited to patients who were normothermic or in
the other group. Coefficients of the indicator variables were exponentiated
to obtain the odds of adverse events occurring in hypothermic patients rel-
ative to normothermic patients and the odds of adverse events occurring in
hyperthermic patients relative to normothermic patients.RESULTS
In total, there were 3083 off-pump CABG cases in New
York State in 2007. Cases were excluded from the analyses
if postoperative temperature was measured by any means
other than the pulmonary artery route (782 patients), the pa-
tient died in the operating room (2 patients), the postopera-
tive temperature was missing (1 patient), or the patient
was in shock (5 patients). The final study sample consisted
of 2294 patients. Of these patients, 1094 (47.7%) were nor-
mothermic. A total of 865 patients (37.7%) were mildly hy-
pothermic, 207 patients (9.0%) were moderately to severely
hypothermic, and 128 patients (5.6%) were mildly hyper-
thermic.
There were significant differences in the 4 temperature
groups with respect to several patient characteristics (Table
1). In general, in relation to normothermic patients, hypo-
thermic patients were older; had lower body surface areas;
were more likely to be female; had lower hematocrit levels
and higher ejection fractions; and were more likely to have
cerebrovascular disease, aortic atherosclerosis, or an organ
transplant. Compared with normothermic patients, hyper-
thermic patients were younger; had higher body surface
areas; were more likely to be Hispanic and to have 3 or
more conduits, 3 vessels diseased, and higher ejection frac-
tions; and were less likely to be female, white, and hemody-
namically unstable, and have aortic atherosclerosis or an
organ transplant.
Significant independent predictors for moderate to severe
postoperative hypothermia were older age, lower body sur-
face areas (meters squared), congestive heart failure, and
an organ transplant. Patients with lower ejection fractions
(EFs) had less chance of moderate to severe hypothermia,
as did patients with 30%  EF<40% (Table 2).
Significant independent predictors of mild hypothermia
included older age, female gender, and postoperative hemat-
ocrit of 25% or less. Patients with 3-vessel disease and pa-
tients with previous cardiac surgery had lower chances of
mild hypothermia (Table 2).
Significant independent predictors for mild hyperthermia
were younger age, previous myocardial infarction within
0 to 23 hours before surgery, congestive heart failure, 3 or
more total conduits, and previous cardiac surgery (Table 3).diovascular Surgery c Volume 139, Number 6 1569
TABLE 1. Risk factors for postoperative hypothermia and hyperthermia in patients undergoing off-pump coronary artery bypass grafting: New
York, January 1, 2007, to December 31, 2007
Risk factor
% In patients
undergoing OPCAB
(N ¼ 2294)
Proportions (%) in postoperative temperature groups
34.5C
(N ¼ 207)
34.6C–35.9C
(N ¼ 865)
36C–37.4C
(N ¼ 1094)
37.5C
(N ¼ 128)
P
value
Total 100 9.0 37.7 47.7 5.6
Demographic factors
Age 65.4  11.0 70.2  9.8 66.7  11.1 63.9  10.7 61.1  11.1 <.0001
Body surface area 2.02  0.27 1.89  0.24 2.01  0.27 2.05  0.27 2.07  0.27 <.0001
Female <.0001
No 71.80 56.52 69.02 76.60 74.22
Yes 28.20 43.48 30.98 23.40 25.78
Race .0003
White 86.53 84.06 88.55 86.01 81.25
Black 7.80 10.63 8.09 7.22 6.25
Other 5.67 5.31 3.35 6.76 12.50
Hispanic .0002
No 92.24 91.79 95.03 90.86 85.94
Yes 7.76 8.21 4.97 9.14 14.06
Procedural factors
Total conduits <.0001
1 14.60 12.56 18.15 12.98 7.81
2 34.05 31.88 37.23 33.00 25.00
3 51.35 55.56 44.62 54.02 67.19
Postoperative hematocrit .0002
>25% 93.90 90.34 91.91 95.98 95.31
25% 6.10 9.66 8.09 4.02 4.69
Cardiac risk factors
LMT .43
No 68.31 65.22 69.94 68.01 64.84
Yes 31.69 34.78 30.06 31.99 35.16
No. of vessels diseased .005
1 25.28 24.64 29.02 23.13 19.53
2 32.04 33.82 32.95 31.35 28.91
3 42.68 41.55 38.03 45.52 51.56
Ejection fraction .001
19% 1.87 0.00 1.50 2.01 6.25
20%–29% 5.67 2.90 5.43 6.31 6.25
30%–39% 12.86 6.76 12.60 13.99 14.84
40%–49% 21.75 22.71 22.08 21.66 18.75
50% 57.85 67.63 58.38 56.03 53.91
Previous MI .008
0–24 h 2.01 2.42 2.08 1.46 5.47
1–7 d 15.13 13.53 13.53 16.36 17.97
8–20 d 6.76 7.73 7.75 5.85 6.25
21 d 22.93 22.22 26.47 20.66 19.53
None 53.18 54.11 50.17 55.67 50.78
Unstable .39
No 98.34 97.58 98.38 98.63 96.88
Yes 1.66 2.42 1.62 1.37 3.13
Comorbidities
Cerebrovascular disease .01
No 80.03 73.43 78.84 81.44 86.72
Yes 19.97 26.57 21.16 18.56 13.28
Peripheral vascular disease .93
No 84.92 84.06 84.97 84.83 86.72
Yes 15.08 15.94 15.03 15.17 13.28
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TABLE 1. Continued
Risk factor
% In patients
undergoing OPCAB
(N ¼ 2294)
Proportions (%) in postoperative temperature groups
34.5C
(N ¼ 207)
34.6C–35.9C
(N ¼ 865)
36C–37.4C
(N ¼ 1094)
37.5C
(N ¼ 128)
P
value
Mal vent arrhythmia .82
No 99.35 99.03 99.54 99.27 99.22
Yes 0.65 0.97 0.46 0.73 0.78
COPD .07
No 82.65 81.64 80.23 84.28 86.72
Yes 17.35 18.36 19.77 15.72 13.28
Aortic atherosclerosis .046
No 94.77 92.75 93.64 95.70 97.66
Yes 5.23 7.25 6.36 4.30 2.34
Diabetes .13
No 64.47 66.67 66.94 62.71 59.38
Yes 35.53 33.33 33.06 37.29 40.63
Renal failure .37
No 96.12 95.65 95.49 96.44 98.44
Yes 3.88 4.35 4.51 3.56 1.56
Organ transplant .02
No 99.48 98.07 99.42 99.73 100.00
Yes 0.52 1.93 0.58 0.27 0.00
Emergency transfer to OR
EME OR after Dx catheter .15
No 99.22 99.03 98.73 99.54 100.00
Yes 0.78 0.97 1.27 0.46 0.00
EME OR after PCI .11
No 99.17 98.07 99.54 98.99 100.00
Yes 0.83 1.93 0.46 1.01 0.00
Previous interventions
PCI this admission .73
No 97.69 98.55 97.69 97.44 98.44
Yes 2.31 1.45 2.31 2.56 1.56
PCI before
this admission
.89
No 77.20 77.29 76.65 77.33 79.69
Yes 22.80 22.71 23.35 22.67 20.31
Stent thrombosis .85
No 99.52 99.52 99.42 99.54 100.00
Yes 0.48 0.48 0.58 0.46 0.00
Previous heart surgery .06
No 96.99 96.62 95.95 97.99 96.09
Yes 3.01 3.38 4.05 2.01 3.91
OPCAB, Off-pump coronary artery bypass; LMT, left main trunk;MI,myocardial infarction;Mal vent, malignant ventricular; COPD, chronic obstructive pulmonary disease; OR,
operating room; EME, emergency; Dx, diagnostic; PCI, percutaneous coronary intervention.
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MThe relationship between postoperative temperature and
in-hospital mortality is demonstrated in Figure E1. Table 4
notes that patients undergoing off-pump CABGwith normal
temperatures on arrival at the next level of care after the op-
erating room had the lowest in-hospital mortality rate
(0.64%), followed by patients with mild hypothermia
(1.16%), moderate to severe hypothermia (2.42%), and
mild hyperthermia (3.13%). Normothermic patients had
the lowest rate of 1 or more complications (4.84%), includ-
ing sternal wound infection, sepsis, bleeding requiring reop-
eration, gastrointestinal bleeding, respiratory failure,The Journal of Thoracic and Carunplanned reoperation except for bleeding. Patients with
mild hypothermia had a 7.75% complication rate, followed
bymild hyperthermia (7.81%) andmoderate to severe hypo-
thermia (9.18%).
Patients with moderate to severe hypothermia had signif-
icantly higher risk-adjusted in-hospital mortality than pa-
tients with normothermia (adjusted odds ratio [OR], 3.00;
95% confidence interval [CI], 1.11–8.08) (Table 5). Patients
with hyperthermia had significantly higher mortality than
patients in the normal temperature range (adjusted OR,
5.04; 95% CI, 1.18–21.55).diovascular Surgery c Volume 139, Number 6 1571
TABLE 2. Predictors of postoperative operative hypothermia in patients undergoing off-pump coronary artery bypass grafting
Predictors of moderate to severe postoperative hypothermia
Predictors Adjusted odds ratio
95% Confidence interval
P valueLower limit Upper limit
Age 1.05 1.03 1.06 <.0001
Body surface area 0.11 0.05 0.21 <.0001
Ejection fraction 01%–29% 0.20 0.08 0.49 .001
Ejection fraction 30%–39% 0.34 0.19 0.63 .001
Congestive heart failure 2.26 1.33 3.82 .002
Organ transplant 8.79 1.83 42.11 .007
C-statistic of the model is 0.75.
Predictors of mild postoperative hypothermia
Predictors Adjusted odds ratio
95% Confidence interval
P valueLower limit Upper limit
Age 1.02 1.01 1.03 <.0001
Female gender 1.29 1.05 1.60 .02
Ethnicity: Hispanic 0.52 0.35 0.75 .001
Race: other 0.52 0.33 0.82 .005
3 vessels diseased 0.72 0.60 0.87 .001
Postoperative hematocrit  25% 1.96 1.13 3.40 .001
Previous cardiac surgery 0.58 0.46 0.74 .02
C-statistic of the model is 0.62.
Perioperative Management Hannan et al
P
MPatients withmoderate to severe hypothermia had a signif-
icantly higher rate of unplanned reoperation (adjusted OR¼
6.14; 95%CI, 1.45–26.07). Patients with mild hypothermia,
moderate to severe hypothermia, and mild hyperthermia all
had a significantly higher rate of respiratory failure than nor-
mothermic patients. Patients with mild or moderate to severe
hypothermia had higher rates of unplanned reoperation. Pa-
tients with moderate to severe hypothermia and patients with
mild hypothermia had significantly higher rates of 1 or more
of several complications (sternal wound infection, sepsis,
bleeding requiring reoperation, gastrointestinal bleeding, re-
spiratory failure, unplanned reoperation except for bleeding)
than patients with normothermia.
DISCUSSION
There have been many communications and studies in the
literature attesting to the difficulty of maintaining normal
body temperature after surgery in general,1-4 and cardiac sur-TABLE 3. Predictors of mild postoperative hyperthermia in patients unde
Predictors Adjusted odds ratio
Age 0.97
Previous MI 0–23 h 3.56
Congestive heart failure 2.15
Total conduits  3 1.84
Previous cardiac surgery 3.18
MI, Myocardial infarction. C-statistic of the model is 0.65.
1572 The Journal of Thoracic and Cardiovascular Surgery in particular.5-8 Some of these studies have also
documented the association between abnormal body temper-
ature and increased adverse outcome rates, although there
have been surprisingly few studies in this area.5,7,8
The purposes of this study were to separately identify the
patient characteristics associated with hypothermia and hy-
perthermia in patients undergoing off-pump CABG surgery
and to examine the impact of hypothermia and hyperthermia
on adverse outcome rates, controlling for patient factors that
may be associated with higher adverse outcome rates.
Findings of the study were that 52.3% of the off-pump
CABG surgery group in New York were mildly hypother-
mic (34.6C–35.9C, 37.7%), moderately to severely
hypothermic (34.5C, 9.0%), or mildly hyperthermic
(37.5C–38.8C, 5.6%).
There were several patient characteristics associated with
hypothermia and hyperthermia. Significant independent pre-
dictors of mild hypothermia included older age, race otherrgoing off-pump coronary artery bypass grafting
95% Confidence interval
P valueLower limit Upper limit
0.96 0.99 .002
1.42 8.96 .007
1.23 3.75 .008
1.23 2.74 .003
1.14 8.85 .03
gery c June 2010
TABLE 4. In-hospital mortality and morbidity rates for postoperative mild hypothermia, moderate to severe hypothermia, and hyperthermia
groups undergoing off-pump coronary artery bypass grafting: New York, January 1, 2007, to December 31, 2007
Outcomes
% of total
(N ¼ 2294)
Postoperative temperature
34.5 C
(N ¼ 207)
34.6C–35.9 C
(N ¼ 865)
36C–37.4 C
(N ¼ 1094)
37.5C–38.8 C
(N ¼ 128)
In-hospital mortality 1.13 (26) 2.42 (5) 1.16 (10) 0.64 (7) 3.13 (4)
Postoperative complications
Sternal wound infection 1.09 (25) 1.93 (4) 0.69 (6) 1.01 (11) 3.13 (4)
Sepsis 0.57 (13) 1.45 (3) 0.46 (4) 0.55 (6) 0 (0)
Bleeding requiring reoperation 2.22 (51) 1.93 (4) 3.12 (27) 1.83 (20) 0 (0)
GI bleeding 0.44 (10) 1.45 (3) 0.46 (4) 0.27 (3) 0 (0)
Respiratory failure 3.18 (73) 3.38 (7) 4.74 (4) 1.83 (20) 3.91 (5)
Unplanned reoperation (except for bleeding) 0.78 (18) 2.42 (5) 0.92 (8) 0.37 (4) 0.78 (1)
1 of the above complications 6.50 (149) 9.18 (19) 7.75 (67) 4.84 (53) 7.81 (10)
GI, Gastrointestinal.
Hannan et al Perioperative Managementthan white or black, female gender, single/double-vessel dis-
ease, non-Hispanic ethnicity, low hematocrit, and no previ-
ous cardiac surgery. Significant independent predictors for
moderate to severe postoperative hypothermia were older
age, lower body surface areas, congestive heart failure,TABLE 5. Observed and adjusted odds ratios (postoperative mild hy
postoperative normothermia) and 95% confidence intervals for in-hospita
artery bypass grafting: New York, January 1, 2007, to December 31, 2007
Outcomes
Risk of adverse
outcome for moderate
to severe hypothermia
relative to normothermia P value
R
ou
hypo
n
In-hospital mortality
OR 3.84 (1.21–12.23) .03 1
Adjusted OR 3.00 (1.11–8.08) .03 1
Complications
Sternal wound infection
OR 1.94 (0.62–6.15) .29 0
Adjusted OR 1.43 (0.42–4.92) .57 0
Sepsis
OR 2.67 (0.66–10.74) .16 0
Adjusted OR 3.63 (0.69–19.15) .13 0
Bleeding
OR 1.05 (0.36–3.12) .78 1
Adjusted OR 1.07 (0.39–2.91) .90 1
GI bleeding
OR 5.34 (1.07–26.68) .05 1
Adjusted OR 4.97 (2.17–22.63) .04 1
Respiratory failure
OR 1.88 (0.78–4.50) .18 2
Adjusted OR 2.86 (1.06–7.67) .04 2
Unplanned reoperation
OR 6.75 (1.80–25.33) .01 2
Adjusted OR 6.14 (1.45–26.07) .01 2
1 of the above complications
OR 1.98 (1.15–3.43) .02 1
Adjusted OR 2.06 (1.14–3.72) .02 1
OR, Odds ratio; GI, gastrointestinal.
The Journal of Thoracic and Carhigher ejection fractions (ventricular function), and organ
transplant. Older age, female gender, higher ventricular
function, and lower body surface area have all been demon-
strated to be significant predictors of hypothermia.5 It should
be noted that the prevalence of organ transplants was lowpothermia, moderate to severe hypothermia, and hyperthermia vs
l mortality and morbidity of patients undergoing off-pump coronary
isk of adverse
tcome for mild
thermia relative to
ormothermia P value
Risk of adverse
outcome for mild
hyperthermia relative to
normothermia P value
.82 (0.69–4.79) .23 5.01 (1.45–17.35) .02
.32 (0.45–3.91) .62 5.04 (1.18–21.55) .03
.68 (0.25–1.87) .62 3.18 (1.00–10.12) .06
.56 (0.18–1.74) .31 2.80 (0.72–10.96) .14
.84 (0.24–2.99) .99 — —
.79 (0.26–2.47) .69 — —
.73 (0.96–3.11) .07 — —
.80 (1.03–3.16) .04 — —
.68 (0.38–7.57) .71 — —
.02 (0.21–5.00) .98 — —
.67 (1.55–4.60) .001 2.18 (0.81–5.92) .17
.72 (1.28–5.76) .01 2.85 (1.17–6.95) .02
.54 (0.76–8.48) .12 2.15 (0.24–19.35) .43
.79 (1.04–7.49) .04 2.19 (0.23–21.35) .50
.65 (1.14–2.39) .01 1.66 (0.82–3.36) .14
.67 (1.04–2.66) .03 1.56 (0.83–2.93) .17
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M(0.52%), so its association with hypothermia may be artifac-
tual. Furthermore, because of the relatively large sample
sizes available in the study, some statistically significant dif-
ferences may not be of clinical significance. For example,
the range in mean body surface area across the 4 groups in
Table 1 is only from 1.89 to 2.07.
For mild hyperthermia, significant independent predictors
were younger age, previous myocardial infarction within 1
day, congestive heart failure, 3 or more conduits, and previ-
ous cardiac surgery.
With regard to the impact of hypothermia and hyperther-
mia on outcomes, moderate to severe hypothermia (adjusted
OR, 3.00; 95% CI, 1.11–8.08) and mild hyperthermia (ad-
justed OR, 5.04; 95% CI, 1.18–21.55) were both found to
be associated with higher risk-adjusted in-hospital mortality
relative to normothermia. For hypothermic patients, the ad-
justed ORs for mortality were lower than the unadjusted ra-
tios (3.00 vs 3.84 for moderate to severe, and 1.32 vs 1.82 for
mild hypothermia). This is indicative of the fact that older
patients were not only more likely to have hypothermia
but also more likely to die regardless of whether they had hy-
pothermia. Consequently, when adjusting for age in addition
to other risk factors, the impact of hypothermia on mortality
was reduced in comparison with its bivariate impact on
mortality.
These findings on the relationship between hypothermia
and mortality are consistent with the findings of Insler and
colleagues,5 who reported that patients admitted to the inten-
sive care unit after CABG surgery with a bladder core tem-
perature of less than 36C had significantly higher mortality
than their counterparts (adjusted OR for normothermia vs
hypothermia, 0.592; 95% CI, 0.386–0.911; P ¼ .02).5
Moderate to severe hypothermia was also found to be as-
sociated with higher rates of gastrointestinal bleeding, respi-
ratory failure, and unplanned reoperation than
normothermia; mild hypothermia was found to have higher
rates of respiratory failure and unplanned reoperation than
normothermia; and mild hyperthermia was found to have
a higher rate of respiratory failure than normothermia.
Similar results have been reported in other studies. A
study byWinkler and colleagues9 demonstrated that a reduc-
tion in central temperature of only 0.5C is enough to in-
crease surgery-related blood losses in patients undergoing
hip arthroplasty.9 Kurz and colleagues10 reported that surgi-
cal wound infections were found in 18 of 96 patients (19%)
assigned to hypothermia and in 6 of 104 patients (6%) as-
signed to normothermia (P ¼ .009). The sutures were re-
moved 1 day later in the patients assigned to hypothermia
than in those assigned to normothermia (P ¼ .002), and
the duration of hospitalization was prolonged by 2.6 days
in the hypothermia group (P ¼ .01).
Although there have been several studies documenting
the adverse effects of hypothermia on patients undergoing
CABG with cardiopulmonary bypass, there is little in the1574 The Journal of Thoracic and Cardiovascular Surliterature about the impact of hypothermia and hyperthermia
on outcomes for patients undergoing off-pump CABG. Our
findings indicate that patients undergoing off-pump CABG
also require clinical management of temperatures to mini-
mize adverse outcomes.
A caveat of the study is that it was a retrospective, obser-
vational study that identified an association between hypo-
thermia/hyperthermia and adverse outcomes but was
unable to establish causality. Thus, there is no proof that ac-
tive warming will necessarily prevent the observed compli-
cations.
Confounding is another potential threat to the validity of
the findings. Although patients with hypothermia and hyper-
thermia experienced worse postoperative outcomes than
normothermic patients, they were older and more likely to
have had congestive heart failure and a history of myocardial
infarction. All of these factors are also associated with worse
outcomes. To compensate for differences in the prevalence
of these risk factors among groups, we developed statistical
models that adjusted for the differences. Nevertheless, there
is a possibility that there are patients’ baseline or surgical
characteristics not in our database that may be predictors
of outcome and that also differ in prevalence between nor-
mothermic and other patients.
We did not have access to the duration of surgery, and this
may have been a predictor of hypothermia. We found that
the number of vessels diseased, which should be directly re-
lated to the length of the operation, is inversely associated
with hypothermia, and that the number of conduits, which
should also be directly related to the length of the operation,
is directly related to hyperthermia. These findings seem to
indicate that longer operations are risk factors for hyperther-
mia but may be protective for hypothermia.
However, even if there is a direct relationship between op-
eration length and adverse outcomes that eliminates hyper-
thermia as a significant independent predictor of adverse
outcomes, this would merely signal that surgeons and
anesthesiologists have to be especially careful to monitor
patients’ temperatures in long operations, not that hyperther-
mia can be ignored.
CONCLUSIONS
As noted elsewhere, perioperative hypothermia develops
in nearly all unwarmed surgical patients undergoing anes-
thesia when the procedure lasts more than 30 minutes.4
Our study has demonstrated that hypothermic patients and
hyperthermic patients are at a higher risk of postoperative
mortality and complications. Anesthesiologists and cardiac
surgeons are advised to be cognizant of patients’ tempera-
tures and to seek measures to maintain or increase/lower
temperatures to the normal level. A variety of approaches
can be used to achieve normothermia during the procedure,
including fluid warming, forced air-skin warming, and other
methods.4,11,12gery c June 2010
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FIGURE E1. In-hospital mortality by postoperative temperature.
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